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Intramolecular force fields and vibratiopal amplitudes of
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Tho MOVFF, MUBTF and GVIT force fields are employed to compute
the foree constants fov seme octahedral systems viz., A,BI™+0, (A=
Bat, 82 . B = Lit, Nat, X+), ZrF 2, WF, | Cr(NH,;), 1, | Co(NH,), ]
and [Ni(NH,)gJ** usmg current vibrational data Moveover, mean
amphtudes for these systems have also been computed at temperatures :
T = 0°K. 298.15°K and 500°K along with Coriolis covpling constants
The rosults ave used to study the influence of cationy on the relative
stability of tho chemical honds m the prosent systems as well ag in the
iroelectronic series  Tho results have boen found to he in good agree-
moent with the valnes reported in hterature.

1. INTRODUCTION

Tn rocent years, modified vergion of the conventional force fields have played an
important role in understanding the intramolecvlar forces in octahedral systoms.
However, modified orbital valence forece ficld (MOVFF) and modified Urey-
Bradley force field (MUBFF) involving six and seven parameters have not been
thoroughly investigated. In order to examine their usefulness in understanding
the stability of the chemical honds in different onvironments. the MOVFF, MUBFF
and GVFT force ficlds have been omployed to compute the foree constants. In
addition. the mean amplitudes of vibration and Coriolis constants for Ty X Fiq
type have also beon calewlated The octahedral systems wnder prosent study
include 108~ in four different environments (viz.. Ba,Li*t, Ba,Na*!, Ba,K** and
Sr,Nast), ZrF 2, WT,, |Cr(NH,), !, [Co(NH,),** and [Ni(NH,);** The vibra-
tional «pectra of these systems have vecently been studied by De Hair ef ol (1974)
(10¢%-), Toth & Bates (1974) (ZrF ¢ ), McDowell and Asprey (1973) (WFy), Schmidt
& Muller (1974) [{Cr(NH,),}*' and {Co(NH,),}*+| anc. Miiller ef al (1974) [Ni(N'H,)]*
The observed vibrational frequencies have heen interpreted assuming octahedral
symmetry. The computed vesults are used to study the stebility of the chemical
bonds in different environments and m the isoelectronic sevies
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2  MeTHOD OF COMPUTATION

The systems possessing octshedral symmetry givo rise to six fundamental
vibrations which are distributed among different species as follows—

Vvib = v(@g)+va(eg) +valfra) Fva(f10) 4-ve(fou) 1-v6(fam)-

Among these vibrations v(a,g), v,(eg) and vy(fop) are Raman active, vy(fy,) and
ni(fie) are infraved active while v(fag) i inactive in hoth  The inactive ve(fey) i
permitted as binary combmation hands or can be computed with the help of the
rolation vy — 4/2r,  In cases where any partieular frequency has not been re-
ported, wo have horrowed it from cimilar systems (De Hair ef ol 1974).

Wilson's (1965) FG matrix method was employod to caleulate the force cons-
tants m the MOVFF, MUBFF and GVFT modcels. The mean amplitudos of
vibration wero evahited o temporatures 7' = 0°K. 298 15°K and 500°K using

fyvin's secular equation (1968), | 261 -AL| = 0, where the symbols fiave their

wsual moanmgs ' oand ¢ matrix olements and the analytical expression for
mean amplitudes of vibration were taken from litoratwre |Cyvin (1968), Rama-
swamy & Mutlowsubramaniam (1971). Sanyal of ol (1974)] The two dimensional
cquations oecurrmg m fiq species were solved by Muller’s L-mad vix method | Miller
& Teacock (1968), Muller (1968) and Peacock & Muller (1968)] The ¢ CC
have heen evaluated hy (ollowmg Meal & Polo (1956) The molecular  cons-
tands Juavo heou calewdated for the skeletons of hexamine metal comploxes using
point. mass model.

4. RRSULTS AND DISCUSSION

The table 1 presents the vibrational frequencie uged in the present com-
pulation

The tables 2-4 list tho vesulls of the computoed foree constants employing
MOVFF, MUBFT and GVEFF forco ficlds respectively The rosults of mean
amplitudes of vibration are presented in table 6

The MOVFT aud MUBFF employ hond strotohing [orce constant K, angle
bending foree constant D(H) and mteraction condlants F, F', k, h and ¢ The
GVTT model includes fr bond stretching constant, f, unglo bending constant
and the lollowmg interaction constants  frr and f'yr which reprosent cis- and trans-
bond strotchmg interactions vespectivolV, fua, fae faz 04 " eea ﬁnghs hending
interactions  The foree constants in GVFF and mean amplitudes, computed by
other workers have also heen included in the tables 4 and 6 respectively for com-
parison. Tt is obvious from the tables that values are in good agroement with
those reported oarlier,
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Table 2. MOVFF constants (in mdyn/A)

Systom K D ¥ I k h
BuLilO, 2021  p69T 0444 0062 0.144 0157
BagNal0, 2846 0570 0506 —0.002  0.040  0.095
BagKT0, 20627 0681 0472 00665 0128 0.145
$reNaTO, 2012 0847 0484 0143 0256 0230
Znk2- 2306 0408  0.223 0202 0633 0.204
WTg(v) 4242 0106 0518 0010 0356 0118
Whig(w,)? 4411 —0120 0562 0019 0345 0127
[Ce(NH)el! 1163 0277 0228 0068 0112 0072
[Co(NH o} 1200 0434 0204 0102 0183  0.140
| Ni(NH,)6 ]2+ 0431 0.043 0236 —00I11 —0001  0.008

a—-Ohsorved frequoney, h—Harmome {requency

Table 3 MUBPF constants (in mdyn/&)

Systom K n r P od & h q
Ba,LilO, 3 082 0331 0312 0.070 0209 0.004 0.639
Ba,NaTO, 3288 0.276 0.377 -0,130 0119  —0.023 0042
Na, KIO, 3 142 0.306 0.326  —0.091 0.198  —0.010 0.035
SiNaIO, 3.678 0395 0.298  —0.044 0.337 0.010 0.032
ZxFg?- 2833 0.179 0.060 0,038 0.759 0.007 —0.013
Wg(u)e 5.019  —0.075 0.300  —0,209 0453  —0.062 —0.004
WFEg(w;)? b 284 —0.086 0.317 —0.226 0.451 —0.072 -0 060
[ Cr(NH)e™ 1.342 0.131 0159 0,003 0193  —0.00) 0.013
[Co(NH), | 1405 0.207 0.198 0036 0.2563 0,032 0.014
[N1(NH).?! 0634 0.006 0.173  —0.075 0,040  —0.035  —0.005

a—Observed froguency, b—Harmonic frequoncy

In order to study the influence of cationy on the relative stability of tho
chemical honds, it is useful to see the trend in the bond stretching force oons-
tants. The regular variation in the foreco constant K observed for periodates
(Parvoz Ahmed ef al 1974) is not observed in the case of perovskites here A
comparison of the bond stretching force constant K from the table 2 shows that
K is smaller for Ba,LiIO, than Ba,NalO,. The trend in perovskites can be
explained as follows, Tn the ordered porovskite structure of the compounds,
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overy oxygon is joined linearly by one monovalent cation and one T7+ion.  Since
the iome radiuy of Lit is smaller than the Nat 10n therefore Lit ion weukens the
I7'— 0% hond more than the Na'! ion and this offeet i8 translated in stretehing
forco constant  On smiilar grounds we should expect an even higher valuo of K
in case of Bu,K IO hecaise K1 has lar ger ionic vadius but this trend is not followed.
[t may ho due to the indication of the hroadonug of lines and hands in the spectra
ol these compounds and some amount of disorder of the Ba2+ and K+ 1014 whose
radu are 1354 and 1334 respectively, hecause nearly oqual ionic vadin of Bu?!
and XK' also tend to distort the structure which under ideal conditions will have
12 coordination sites for Ba' and 6 foo K The larger K value for Sr,NalO,
than Ba,NalOg; can be undevstood m terms of cell dimensions  Se2+ has smaller
ionic rading than Ba?! and the cell constant of Sr,NalQ, (8.204)(De Hair ¢t al
1974) 15 also smaller than Ba,NaTOg (8 33A)(DeHair of al 1974) On account of
these two differences, 1-0 distanoe is smaller m Sv,NalO; than m Ba,NalO, which
mereases the value of K. Similar observations have heen made by De Hair ¢f of
(1974) on the basis of simple UBTT studies  The sirvetching foree constants in
MUBFY and GVI'T (tables 3 and 4 respectively) also follow the sumla trend
The bending and mieraction fovee constanis m three models do not show rogulaw
trend with the change m the wonic vadnws of the monovalent cation and gome cons-
tauts ate also almost equal therefore these have not heen discussed

1t is interestmg 1o study the relative stability ol the chemical honds m 1x0-
celoatronic sertes.  For thus purpose we have three sets ol soclectrone seres viz.
(i)=-104%- (376) and TeOy5~ (4 12) (Pandoy of al 1978). (u) ZeT (3.03), NhTig-
(370) (Sharma ef al. 1974) and NoTg (4 79) (LaBonville 1972), and (iii) —-Taldy~
(3 62) (Pundey el al 1973)and W (5.20) where the values i parentheses ave the
stretehing bond foree constants (GVER) in m«lyn/i Trom a comparison of these
values, it is found that in case of octahedral, VI oxidution state 1s more stable
stauble than the VIT oxiulation state, wlule m case of hexafluoroamons ugher
oxidation stato is more stable  The stability of higher oxidation state in case
of hexahaloanious have been reported in hterature (LaVonville 1972)  The ionic
radii of the central atoms and bonded distances m case of hexafluoroanions
also support this trend.

A comparison of stretching {orce constants of 1045 and ZiF~* with their ros-
pective di-and tri-oxides and ftuorides viz. T(VIT)O42 (410 3.76) I(V)0,~ (d'%s*
5.10) (Parvex Ahmed et al 1974) and Zr(TV) £/% (d° 3.028), Zr (ITI)F, (¢' 4.16)
(Hango ef al 1973), Zx(I1)¥, (d* 3 54)) (Hange et al 1973), (the valucs m parentheses
are strolehing forco constants in mdyn/}s and number of non-bonding electrons
of the central atoms) shows that lower oxidation stato to bo associated with a
Jugher force constant.  In caso of fluorides, the crystal field stalilisation energios
lor configurations, d° = 0 Dg, d' = 5 Dq and d* = 6Dgq also support the abovo
conclusions except in caso of ZrT,.
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A comparison of strotching forco constant K (fy) (Tablex 2, 3 & 4) among
hexammine complexes of bivalont and trivalent firat row transition metals shows
that the strength of the metal gand bond varios in t& ovder Co—N > Cr—Nz>»
Ni—N  The stability of tho chemical bonds can also b understood in terms of
10 Dg vahies for motal ions and bgand group The values (Figgis 1966) ave 24,
22 and 11 respectively m wuts of ¢m-1x 1073 for the confignration Co?!, Crd!
and Ni*' which are in accordance with the caleulatod values of toree constanbs.

Coriolis coupling constant (C.C.C) are presonted in tuble 5  Figue 1 ro-
presonis the vaviation of By (f1u) with, the rotio  of masses  (m,/my) of  the

ceutral and ligand atoms which is in agrecmoent with the trend roportod by
Mullor (1968).
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Ihg. 1 Vaustion of Coriolis coupling constunt {5y with the mass 1atwo (- fuy) of central und
hgand atoms.

The wean amplitudes of vibration for bounded as well as for non-bonded
distunces listed in the table 6 at temporatures; 7' =- 0°K, 7' - 298.15°K and
7' = 500°K show uswal variation It 8 also noted that the moean amplitudo
values for the honded distances show opposite trend than the corresponding stroteli-
ing force constants as expocted From the comparison of the mean amphitudo

Tablo 5 Coriolis couphng constants of octahedral systoms

Comolis coupling constants

Systemn Mefmy
bas bu

108- 0.201 0 290 7.032
ZrFg*- 0.294 0.206 4.801
WFq 0.171 0.329 9677
1 Cr(N Ha)gll*! 0.304 0.106 3063
LCo(NH,)e]*! 0.367 0133 3.160
INi(NH,)g J2! 0 369 0431 3147
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values in case ol isooloctronic series bondod distances at room temperature viz.
(i) I04% (0.04423), TeOg- (0.04334) (Pandoy et al 1973), (i) ZrEg- (0 0474),
NI~ (0.04373) (Sharma et al 1974), MoF, (0.04004) (Cyvin 1968) and (iii) TaFy~

Table 6 Mean amplitudes of vibration (m &)

Syslem 0K 290.15°K 500K
Ba,LilOg X-Y 0.0429 0.04:9 0.0503
Y-Ynort 0.0720 0.0806 0.0944
Y-Yiony 0.0579 0.0608 0.068 ¢
B 12NualOg X-Y 0.0423 0.0441 0.0492
Y-Yore 0.0714 0.0797 00932
Y-Yiong 0.0676 0.0604 0.0679
Bu, K10, X-Y 0.0128 0.0447 0.0500
Y-Yunort 0.0720 0.0806 0.0944
Y-Yiony 0.0678 0.0607 0.0683
SrNalO, X-Y 0.0416 0 0430 0.0476
Y=Yt 0.0701 0.0775 0.0901
Y-Yiong 0.0656 0.0577 0.0641
LnFy - X-Y 0.0442 0.0474 0 0545
Y-Yiot 0.0843 0 1091 0.1340
Y-Yioug 0.0562 0.0587 0.0668
W k() X-Y 00371 0.0384 00423
(0,038 10 003)* 4
(0.0383)**
Y—Yunore 0.0769 0.1084 0.1346
(0.10140.006)*
(0.104)**
Y~-Yiong 0.0501 0.0518 0.0572
(0.06564-0.011)*
(0.0616)**
WFy(wi) X-Y 0.0367 0.0378 0.0410
(0.03774-0.0004)**
Y~Ynort 0.0768 0.10650 0.1299
(0.1004-0.005)**
Y-Yiong 0.0495 0.0511 0.0562
(0.05094:0.0003)**
LCy N H ) X-Y 0.0538 0.0603 00711
Y-Yinore 0.0958 0.1104 0.14568
Y-Yigng 0.0680 0.0773 - 0.0019
LCo(NH )o X-Y 0.0521 0.0579 0.0680
Y-Ysuort 0.0896 01072 0.1296
Y-Yioug 0.0057 0.0736 0.0866
I Ny(NHg), J* X-Y 0.0640 0.0810 0.0098
Y~Yanort 0.1077 0.1470 0.1835
Y-Yigng 0.0839 0.1106 01373
a—Obhserved frequency, b-Hurmonie (roquoncy,

*~Ixperimontal from Seip & Seip (1906),  **~from Mc Dowoll & Asproy (1973).
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(0 04364) (Sharma et ol 1974), WT, (0 03854) (Cyvin 1968) (valies in parenthoscs
are mean amplitudes), it. in found that they show oppogite trend than the corves
ponding steetching foreo constants. Trom thix it isx concluded that in easo of
hexafluoroanions stronger bonds have smaller mean amplitvdes.  Similar trend
has also boon noted in litoraturo.
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